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Background. Traditionally, arteriovenous hemodialysis ac-
cess inflow stenosis has been reported to occur infrequently
(0% to 4%). In contrast, recent reports have suggested a signif-
icantly higher incidence (14% to 42%). Interpretation of these
studies has been complicated by the presence of one or more
confounding factors such as retrospective study design, small
sample size, arteriovenous fistulas grouped with grafts to deter-
mine the incidence of inflow stenosis, inclusion of fistulas that
had failed primarily, failure to provide adequate definition of
inflow stenosis, and the technique of retrograde angiography.
This is a report of a prospective, multicenter study to exam-
ine the incidence of inflow stenosis separately in arteriovenous
fistulas and grafts.
Methods. Patients were referred to interventional nephrol-
ogy either for percutaneous balloon angioplasty or thrombec-
tomy procedures. Angiography to evaluate access inflow
(arterial anastomosis and adjacent vascular structures) was
performed in all cases. This was accomplished by retrograde
angiography using either manual occlusion of the venous side
and/or advancing a diagnostic catheter across the arterial anas-
tomosis. Multiple images using digital subtraction angiography
were recorded in multiple planes. An inflow stenosis was defined
as stenosis within the arterial system, artery-graft anastomosis
(graft cases), artery-vein anastomosis (fistula cases) and juxta-
anastomotic region (the first 2 cm downstream from the arterial
anastomosis). Vascular stenosis was defined as ≥50% reduction
in luminal diameter judged by comparison with either the adja-
cent vessel or graft. A standardized definition for anastomotic
stenosis was applied.
Results. Two hundred and twenty three consecutive proce-
dures (grafts, 122; fistulas, 101) were performed in 158 patients.
Inflow stenosis occurred in 36/122 (29%) in graft cases. All had
a coexisting stenosis on the venous side. In fistula cases, 41/101
(40%) had inflow stenosis. Of these, 22 (54%) had a coexisting
lesion on the venous side. Overall, inflow stenosis occurred in
77/223 procedures (35%).
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Conclusion. This prospective, multicenter study demon-
strates that access inflow stenosis occurs in one third of the
cases referred to interventional facilities with clinical evidence
of venous stenosis or thrombosis. This is much higher than has
been traditionally reported.
The vascular access used for hemodialysis should be
thought of as a complete circuit. This circuit begins with
the heart, then the arterial system that leads to the ar-
terial anastomosis, the fistula, or graft, and finally, the
venous system that leads back to the heart. Access flow
can be adversely affected by problems that occur any-
where within this complete circuit. Venous problems are
the most common and have justifiably received a great
deal of attention [1–4]. In contrast, stenosis on the ar-
terial side has been reported to occur in only a minority
(0% to 4%) of patients [3–7]. Recent data have suggested
a significantly higher incidence of inflow stenosis (14% to
42%) in patients with arteriovenous access [8, 9]. How-
ever, the studies evaluating the incidence of inflow steno-
sis have been limited by the presence of one or more
confounding factors such as retrospective study design
[8], small sample size [8], lack of separation of arteriove-
nous fistulas from arteriovenouos grafts to determine the
incidence of inflow stenosis [abstracts; Levine MI, J Am
Soc Nephrol 10:209, 1999; Jahnke T, Cardiovasc Interven
Radiol 24(Suppl 1):S184, 2001], inclusion of only those
fistulas that had failed to develop adequately to support
dialysis (primary failure) [9], and failure to provide an
adequate definition of inflow stenosis.
The purpose of this multicenter study was to prospec-
tively examine the incidence of inflow stenosis separately
in patients with arteriovenous grafts and arteriovenous
fistulas undergoing either percutaneous balloon angio-
plasty (PTA) or thrombectomy procedures utilizing stan-
dardized definitions for stenosis.
METHODS
Study design
The data for this prospective cohort study were de-
rived from two interventional nephrology laboratories
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(University of Miami Miller School of Medicine, Miami,
Florida, and Kidney Specialists, San Antonio, Texas). Pa-
tients were referred for either PTA [access flow (Qa)
less than 600 mL/min or Qa less than 1000 mL/min that
has decreased by more than 25% over 4 months [1]] or
treatment of thrombosed arteriovenous access (grafts or
fistulas). PTA was performed utilizing a standard tech-
nique [10]. Both mechanical and pharmacomechanical
techniques were used for thrombectomy procedures [2].
Two interventional nephrologists performed all of the
procedures. The data were collected prospectively over a
period of 1 year (June 2003 to June 2004).
Definition of access inflow and degree of stenosis
The inflow segment was defined as being comprised
of that portion of the feeding artery adjacent to the
anastomosis, the artery-graft anastomosis (for an arte-
riovenous graft), the artery-vein anastomosis (for an
arteriovenous fistula) and the juxta-anastomotic access
(2 cm downstream from the arterial anastomosis) [9].
Stenosis of either the juxta-anastomotic access or artery
was defined as luminal narrowing equal to or exceeding
50% compared to the normal vascular segment located
adjacent to the stenosis [1]. Based on a previous study ad-
dressing stenosis at the arterial anastomotic site [8], the
same rule of ≥50% was applied to the arterial anasto-
mosis where the comparison was made with the adjacent
normal artery. The degree of stenosis was measured using
calibrated computer software within the digital imaging
system (C-Arm 9800 Vascular Package) (General Elec-
tric, Milwaukee, WI, USA).
Description of the retrograde angiography
To evaluate stenosis within the inflow segment, we per-
formed retrograde angiography in all of the cases. In
cases that were not thrombosed, retrograde angiography
was performed by manually occluding the venous limb of
the graft (in cases with arteriovenous grafts) or outflow
tract (in cases with arteriovenous fistulas) to visualize the
juxta-anastomotic access, arterial anastomosis, and ad-
jacent portion of the feeding artery. In patients with a
thrombosed access, a diagnostic catheter was advanced
into the feeding artery to perform a retrograde examina-
tion. This was done in order to prevent flushing residual
thrombus into the feeding arterial system in these cases.
Images were recorded using digital subtraction angiogra-
phy in multiple planes.
Assessing the quality of access inflow
The quality of the access inflow was evaluated using
two different maneuvers—assessing blood flow rate un-
der fluoroscopy and by evaluating pulse augmentation.
Blood flow rate was subjectively evaluated by injecting
a small bolus of radiocontrast and watching the rate at
which it traversed the access under fluoroscopy. Pulse
augmentation, was performed by completely occluding
the access several centimeters beyond the arterial anas-
tomosis and evaluating the strength of the pulse between
the anastomosis and the point of occlusion. Although
these maneuvers are subjective assessments, they were
found to accurately reflect the status of the access in-
flow when anatomic problems were found to exist. By
performing these evaluations before angiographic eval-
uation of the inflow, suspicion of an anatomic problem
was established. If less than what was judged to be op-
timum results persisted following a successful treatment
of an observed access inflow problem as defined above,
further angiographic evaluation of the feeding artery
was performed. This evaluation was accomplished by ad-
vancing a diagnostic catheter over a guidewire into the
subclavian artery and performing complete arteriogra-
phy to reveal stenoses upstream as previously described
[8].
Parameters recorded
The incidence of inflow stenosis (including the degree
of stenosis) and the location of stenosis within the in-
flow segment (artery, artery-graft anastomosis, artery-
vein anastomosis, and juxta-anastomosis) were recorded.
In addition, inflow stenosis cases demonstrating a coex-
isting lesion on the venous side were also recorded to
report on the incidence of mixed stenoses.
The success of angioplasty was defined as per the Dial-
ysis Outcomes Quality Initiative (K/DOQI) vascular ac-
cess guidelines (≤30% residual stenosis) [1]. The pre- and
postangioplasty access flow (measured by ultrasound di-
lution technique within 2 weeks after angioplasty) was
recorded for cases with patent accesses that were referred
for PTA in all instances in which these studies could be
accomplished.
Statistical analysis
The summary statistics of the patient’s age as well as all
other continuous variables were reported as mean ± stan-
dard deviation (SD). Comparison of continuous variables
between pre- and postmeasurements and the incidence of
inflow stenosis between arteriovenous grafts and fistulas
were performed using paired t test. The P value was con-
sidered significant if < 0.05. All statistical analyses were
done using Microsoft Office 2000 Software.
RESULTS
A total of 223 consecutive procedures (122 arte-
riovenousgrafts and 101 arteriovenous fistulas) were
performed in 158 patients (77 arteriovenous grafts and
81 arteriovenous fistulas). One hundred and thirty cases
were contributed by one center and ninety-three by the
other. The procedures performed included 190 PTA and
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Table 1. Demographics of the patient population
Number of patients 158
Age years 55.9 ± 12.9
Gender
Males 40%
Race/Ethnicity
Hispanic 68 (43%)
African American 52 (33%)
Caucasian 25 (16%)
Haitian 9 (6%)
Asian 4 (2%)
Type of access
Arteriovenous fistulas 81 (51%)
Forearm fistulas 36
Upper Arm fistulas 45
Arteriovenous grafts 77 (49%)
Loop grafts 73
Straight grafts 4
Cause of end-stage renal disease
Hypertension 79 (49%)
Diabetic nephropathy 60 (38%)
Glomerulonephritis 10 (6%)
HIV-associated nephropathy 4 (3%)
Polycystic kidney disease 2 (1%)
Lupus nephritis 2 (1%)
Obstructive uropathy 1 (1%)
HIV is human immunodeficiency virus. Results are expressed as mean ± SD.
Table 2. Inflow and coexisting inflow and venous stenosis in
arteriovenous grafts and fistulas
Total inflow stenosis cases N = 77
Arteriovenous grafts with inflow stenosis N = 36
Presence of coexisting venous stenosis N = 36 (100%)
Arteriovenous fistulas with inflow stenosis N = 41
Presence of coexisting venous stenosis N = 25 (57%)
33 thrombectomy procedures. Demographic characteris-
tics of the 158 patients are shown in Table 1.
In procedures involving arteriovenous grafts (N =
122), inflow stenosis was identified in 36 (29%) cases
(Table 2). These 36 cases involved 47 stenotic lesions.
The distribution of these 47 lesions was eight arte-
rial (6.6% of total cases), 29 artery-graft anastomosis
(23.8% of total cases), and ten juxta-anastomotic (8.2%
of total cases). More than one lesion within the inflow
segment was observed in 11 cases. All 36 cases demon-
strated a coexisting stenosis on the venous side (Table 2)
(Fig. 1). The incidence of inflow stenosis in arteriovenous
grafts did not change even after exclusion of the juxta-
anastomotic lesions from the calculations. All ten (8.2%)
juxta-anastomotic lesions occurred in conjunction with
an anastomotic stenosis. The demographic characteris-
tics of the arteriovenous graft cases with inflow stenosis
are shown in Table 3.
In cases with arteriovenous fistulas (N = 101), inflow
stenosis occurred in 41 (40%) (Table 2). A total of 58
stenotic lesions were seen in 41 cases. The distribution
of the lesions along the inflow segment was eight arte-
rial (8% of total cases), 21 artery-vein anastomosis (21%
of total cases), and 29 juxta-anastomotic (29% of total
Table 3. Characteristics of arteriovenous graft cases with inflow
stenosis
Total number of graft cases with inflow stenosis N = 36
Age years 51.4 ± 12.1
Gender
Male 40%
Etiology of end-stage renal disease
Hypertension 16 (44%)
Diabetes 18 (50%)
Glomerulonephritis 1 (3%)
Human immunodeficiency virus 1 (3%)
Type of arteriovenous graft
Forearm loop 35 (97%)
Thigh loop 1 (3%)
Data are expressed mean ± SD.
Table 4. Characteristics of arteriovenous fistulas cases with inflow
stenosis
Total number of fistula cases with inflow stenosis N = 41
Age years 54 ± 11.2
Gender
Male 45%
Etiology of end-stage renal disease
Hypertension 19 (46%)
Diabetes 17 (42%)
Glomerulonephritis 2 (6%)
Human immunodeficiency virus 1 (2%)
Polycystic kidney disease 1 (2%)
Systemic lupus erythematosus 1 (2%)
Type of arteriovenous fistula
Upper arm fistula 18 (48%)
Forearm fistula 23 (52%)
Data are expressed mean ± SD.
cases) (Figs. 3 to 5). Multiple lesions were found in ten
cases (10% of total). A coexisting stenosis on the venous
side was seen in 22 cases (54%) (Table 2) (Fig. 2). Out
of the 101 arteriovenous fistula cases there were 36 fore-
arm (radiocephalic) and 65 upper arm fistulas (brachio-
cephalic or brachiobasilic). There was higher incidence
of inflow stenosis for the forearm as compared to the up-
per arm fistulas. Sixteen of the 36 (44%) radiocephalic
arteriovenous fistulas had inflow stenosis while 25 of the
65 (38%) upper arm fistulas had inflow stenosis. Charac-
teristics of patients with arteriovenous fistulas revealing
inflow stenosis are shown in Table 4.
Analysis of the 16 arterial lesions revealed that 11
(69%) were located adjacent to the arterial anastomosis
(six arteriovenous grafts and five arteriovenous fistulas)
(Fig. 1). Five cases (two arteriovenous grafts and three ar-
teriovenous fistulas) (31%) had stenotic lesions located
upstream in either the brachial (N = 2) or radial artery
(N = 3) (Fig. 3).
Overall (grafts and fistulas combined), inflow steno-
sis was diagnosed in 77/223 cases (35%). There was a
significantly higher incidence of inflow stenosis in arteri-
ovenous fistula cases (40% arteriovenous fistulas versus
29% arteriovenous grafts) (P < 0.01) (Table 2). Even
after exclusion of the repeat procedures in 158 patients
(77 arteriovenous grafts and 81 arterivenous fistulas), the
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Fig. 1. Inflow stenosis located in the brachial artery (arrow) (C) just
above the anastomosis in a patient with brachiocephalic arteriovenous
graft. Notice a coexisting venous lesion in the same case (arrow) (A).
Improvement of stenoses postangioplasty (D and B).
incidence of inflow stenosis did not change significantly
in grafts 24/77 (31%) or fistulas 34/81 (42%).
The degree of inflow stenosis was found to be 69.7 ±
9.4% before angioplasty. After angioplasty, a residual le-
sion of 11.1 ± 9.7% was recorded. Out of the total 77
cases of inflow stenosis only one (arteriovenous fistula)
demonstrated vascular spasm after angioplasty of juxta-
anastomotic lesion that resolved within a few minutes.
Pre- and postangioplasty flow studies were available in
174/190 of the cases that were referred for PTA. For the
total group, postangioplasty flow showed a mean of 1099
± 358 mL/min compared to a pretreatment value of 579 ±
204 mL/min. In cases with arteriovenous grafts (N = 93)
the pre- and postangioplasty access flows were 588 ± 192
mL/min and 1120 ± 427 mL/min, respectively. Similarly,
in cases of arteriovenous fistula (N = 81) the pre- and
postangioplasty access flows were 570 ± 203 and 1076
± 359 mL/min, respectively. In 15/174 cases (9%) access
Fig. 2. Arrows demonstrating juxta-anastomotic lesion in a forearm
arteriovenous fistula (A). Note the presence of coexisting lesions in
the body (double arrow) and outflow tract of the fistula (arrowhead).
Resolution of stenoses after angioplasty (B and C).
flow failed to increase by 20% postangioplasty. Three of
the 15 accesses with Qa increasing <20% occurred in
cases with inflow stenosis (two arteriovenous graft and
one arteriovenous fistula).
DISCUSSION
Stenotic lesions can occur anywhere within the access
system; however, lesions located at the inflow have been
reported to occur infrequently [1, 3, 4]. Contrary to the
traditional 0% to 4% incidence of inflow stenosis [3–
7], recent studies have reported inflow stenosis in the
range of 14% to 42% [8, 9] [abstracts; Levine MI, J Am
Soc Nephrol 10:209, 1999; Jahnke T, Cardiovasc Interven
Radiol 24 (Supple 1):S184, 2001]. The reasons for this
discrepancy are undoubtedly multiple. However, the ab-
sence of an accepted definition of stenosis of the access
inflow has been a major problem. This is particularly true
for the arterial anastomosis. The arterial anastomosis is
an artificially created structure for which there is no stan-
dard for judging optimum size. Size comparisons with the
normal adjacent vessel and pressure difference across a
suspect site are the two approaches most commonly used
to diagnose stenosis within vascular structures. However,
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Fig. 3. Multiple lesions seen in radial artery
shown by arrows in a patient with radio-
cephalic fistula (A). Successful resolution of
stenotic lesions following angioplasty (B).
either of these techniques could be misleading in evalu-
ating the arterial anastomosis. It is artificially created; its
size is based upon the surgeon’s judgment and in general
is always smaller than the adjacent vessel and there is al-
ways a major drop in pressure across this site. There is a
great need for a standard definition for what should be
considered optimum for the size of the arterial anastomo-
sis. The approach used in this study was to define stenosis
at this site as narrowing equal to or exceeding 50% as
compared to the adjacent vessel. This was based upon
the criteria used in a previous study [8]. This definition
is also consistent with the definition used by Beathard
et al [9] based upon the appearance of an inflated an-
gioplasty balloon placed across the anastomosis. A 50%
defect in the balloon was required to be classified as a
stenotic anastomosis. The balloon size selected for use
was based upon the size of the artery, a 4 mm balloon was
used to evaluate radial artery anastomoses and a 6 mm
balloon was used for brachial artery anastomoses (Figs. 4
and 5). In addition to the size of the anastomosis, there
is a lack of a universally accepted definition of the inflow
segment itself. The definition used for this segment [feed-
ing artery, artery-vein anastomosis and first 2 cm of the
vein (juxta-anastomosis) in case of fistulas] is based on
a recently published study [9]. The juxta-anastomotic re-
gion (“swing” point) is located proximal to the body and
the outflow tract of the fistula [9, 11–14]. Since the body
and the outflow tract are the usual sites for arterial and
venous needle placement, the “swing” point logically acts
as the inflow to the fistula. In contrast to arteriovenous
fistulas, the description of inflow segment in an arteriove-
nous graft is difficult. We used the same definition as was
used for fistulae to describe inflow segment in graft cases.
However, unlike fistulas we realize that the intragraft por-
tion immediately after the anastomosis may not be con-
sidered part of the access inflow. Consequently, we also
calculated the incidence of inflow stenosis in arteriove-
nous grafts after the exclusion of stenotic lesions located
at the juxta-anastomotic region of the arteriovenous graft
and found no difference, as all juxta-anastomotic stenoses
(8.2%) existed in conjunction with artery-graft anasto-
motic lesions.
In the current study, using the definitions described,
the overall incidence of inflow stenosis (grafts and fistulas
combined) was found to be 35%. In procedures with ar-
teriovenous grafts (N = 122) the incidence was 29%. This
finding is consistent with the study of Khan and Vesely [8]
who reported a 27% incidence of arterial inflow lesions
in patients with arteriovenouso grafts. These investigators
further classified the arterial inflow lesions into arterial
anastomotic and true arterial lesions. Using a standard-
ized definition of significant stenosis (≥50% narrowing),
they reported that a majority of the lesions were located
at the arterial anastomosis (N = 10) and only a minor-
ity were true arterial lesions (N = 3). This report also
demonstrated that inflow lesions are not limited to the
area adjacent to the arterial anastomosis but may also
be found proximally in the feeding artery (23%). In our
cohort of patients with arteriovenous grafts, 47 stenotic
lesions were seen (36 cases). Of these, eight (17%) were
located proximally in the artery. The slightly decreased
incidence of arterial lesions (17%) compared with the
23% reported by Khan and Vesely may be due to the fact
that we did not perform complete arteriography by ad-
vancing the imaging catheter into the subclavian artery
in every patient.
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Fig. 4. Anastomotic stenosis in a patient with brachiocephalic arteri-
ovenous fistula as shown by arrow (A) and angioplasty balloon (B).
Successful resolution of the stenosis after angioplasty (C and D).
Although for the purpose of this study a retrograde
arteriogram was routinely performed, the performance
of this study in conjunction with routine interventional
procedures such as these requires a clear medical indica-
tion. The maneuvers described in this report to evaluate
inflow provide such an indication. While an evaluation
of blood flow determined by observing the movement
of a small bolus of contrast is subjective, the interven-
tionalist experienced in the management of hemodialy-
sis vascular access dysfunction can use it to advantage.
Assessing pulse augmentation is also somewhat subjec-
tive, but with experience it becomes an excellent indica-
tor of problems. In this study a high degree of correlation
was seen between these subjective evaluations and the
anatomical abnormalities that were detected. In the ab-
sence of the availability of intraprocedure determination
of access flow [15], these maneuvers should be routinely
performed in cases of vascular access dysfunction to de-
termine if angiographic evaluation of the access inflow is
medically indicated.
In contrast to arteriovenous grafts, the incidence of in-
flow stenosis in our cohort with arteriovenous fistulas was
40%. In a previous study in which the incidence of inflow
stenosis was studied in a prospective fashion in 46 patients
with dysfunctional arteriovenous access (both grafts and
fistulas) referred for PTA [abstract; Levine MI et al, J
Am Soc Nephrol 10:209, 1999]. An inflow stenosis inci-
dence of 39% was reported. The authors did not report
any cases with proximal arterial stenosis; however, the
study did not specify whether a complete evaluation of
the arterial tree using arteriography was performed.
In a study of early fistula failure [9] a 42% incidence
of inflow stenosis was reported. In this report the tech-
nique of angiography as well as a clear-cut definition
of the access inflow was clearly specified. Retrograde
angiography was performed by manually occluding the
fistula downstream. Fistula inflow was classified into feed-
ing artery, arterial anastomosis and juxta-anastomotic re-
gion downstream. In this analysis, 38% of the cases had
stenosis at the anastomosis, all in association with a juxta-
anastomotic lesion. In addition, four lesions were seen in
the artery above the anastomosis. Even though our fistula
cohort included only ten patients with fistulas that had
failed to develop primarily, our overall incidence of fistu-
las inflow stenosis (40%) was consistent with this report.
This current study reports a significantly higher inci-
dence of inflow stenosis in fistula cases compared to ar-
teriovenous grafts (40% fistulas versus 29% grafts) (P <
0.01). The etiology of the higher incidence of inflow steno-
sis in patients with arteriovenous fistulas as compared to
arteriovenous grafts is unclear. The juxta-anastomotic re-
gion in arteriovenous fistulas may provide a clue. This
is the segment of the vein that is often mobilized and
manipulated during the surgical creation of arteriove-
nous fistulas. One possible explanation may be the “skele-
tonization” of the vein and injury to its own blood supply
(vasa vasorum) during the surgical procedure [11]. The
higher incidence of inflow stenosis for the forearm arteri-
ovenous fistulas seen in the current study was consistent
with the previous investigators [12–14].
Previous reports have indicated that approximately
one third of patients fail to show an increase in blood
flow after successful angioplasty [7, 16, 17]. Although a
number of factors may be responsible [16–20], undiag-
nosed inflow lesions may be a contributory factor. In this
study, only 9% (15/174 cases) failed to increase the access
flow by more than 20% after angioplasty. Three of the
15 accesses with Qa increasing <20% occurred in cases
with inflow stenosis (two grafts and one fistula). The ex-
planation for this failure of blood flow increment after
successful angioplasty (residual lesion of <30%) in these
cases is not obvious. The absence of an increase in flow
may represent the redevelopment of stenosis due to an
elastic lesion [18].
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Fig. 5. Inflow stenosis located at the artery-
graft anastomosis arrow (a). Resolution of
stenosis postangioplasty (B). Note the irreg-
ularity of the brachial artery, however, the
stenosis did not measure ≥50% (A).
The result of this study suggests that the incidence of in-
flow stenosis is substantially higher than traditionally re-
ported. The application of a standardized definition for
the diagnosis of stenosis should be adopted and access
inflow problems should be routinely considered. In the
absence of objective measurements to indicate the sta-
tus of blood flow within a dysfunctional access after all
venous stenotic lesions have been addressed, subjective
maneuvers such as those described here should be ap-
plied. Angiographic evaluation of access inflow should
be evaluated in all cases in which there is suspicion of
less than optimum flow.
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